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Abstract
In this work, we discuss the interaction between anti-symmetric rank-two tensor matter and
topological Yang-Mills fields. The matter field considered here is the rank-2 Avdeev-Chizhov
tensor matter field in a suitably extended NT = 2 SUSY. We start off from the NT = 2, D = 4
superspace formulation and we go over to Riemannian manifolds. The matter field is coupled
to the topological Yang-Mills field. We show that both actions are obtained as Q−exact forms,
which allows us to write the energy-momentum tensor as Q−exact observables.
1 Introduction
Topological field theories such as Chern-Simons and BF-type gauge theories probe space-time in
its global structure, and this aspect has a significative relevance in quantum field theories. On
the other hand, there is great deal of interest in anti-symmetric rank-2 tensor fields that can be
put into two categories: gauge fields or matter fields. In recent years, Avdeev Chizhov [1, 2, 3]
proposed a model where the antisymmetric tensor behaves as a matter field.
In a recent work [4], Geyer-Mu¨lsch presented a formulation until then unknown in the literature,
which is a construction of the Avdeev-Chizhov action described in the topological formalism [5].
This was built for NT = 1 and generalized for NT = 2. Known the properties of the anti-symmetric
rank-two tensor matter field theory, also called Avdeev-Chizhov field [6], the supersymmetric
properties and characteristics are presented also in ref. [7]; following this formalism, we shall
write this action in the superfield formalism, as presented by Horne [8] in topological theories as a
Donaldson-Witten topological theories [9, 5].
Our goal in this work is to discuss the interaction between matter and topological Yang-Mills
fields as presented by Geyer-Mu¨lsch [4] for NT = 1 and NT = 2. The matter field considered
here is the rank-2 tensor matter field as a complex self-duality condition [6]. Thus, we write
this field now as an anti-symmetric rank-two tensor matter superfield in NT = 2 SUSY in the
superspace formalism, founded also in [7]. The matter field is coupled to the topological Yang-
Mills connection by means of the Blau-Thompson action. We write the Yang-Mills superconnection
1Supported in part by the Conselho Nacional de Desenvolvimento Cient´ıfico e Tecnolo´gico CNPq – Brazil.
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as a 2−superform in a superspace with four bosonic dimensions spacetime described by Grassmann-
odd coordinates and two fermionic dimensions described by Grassmann-even coordinates, and them
construct the action in a superfield formalism following the definitions by Horne [8]. Then, we go
over to Riemannian manifolds duely described in terms of the vierbein and the spin connection,
where we take the gravitation as a background. We introduce and discuss the Wess-Zumino
gauge condition induced by the shift supersymmetry better detailed in [10]. Then, we arrive at a
topological invariant action as the sum of the Avdeev-Chizhov‘s action coupled to the topological
super-Yang-Mills action; both actions are obtained as Q−exact forms, and the energy-momentum
tensor is shown to be Q−exact.
2 The NT = 2 Super-conection, Super-curvature and Shift
Algebra
Let us now consider the Donaldson-Witten theory, whose space of solutions is the space of self-dual
instantons, F = ∗F . To follow our superfield formulation, we shall proceed with the definition of
the action of Horne [8] and Blau-Thompson [13, 14]. The NT = 2 superfield conventions are the
ones of [10]. The superfields superconnection and its associated superghosts are given as below:
Aˆ = AˆaTa, Cˆ = Cˆ
aTa, (2.1)
whose the generators belonging the Lie algebra:
[Ta, Tb] = ifab
cTc. (2.2)
Expanding the superforms (2.1) in component superfields, we have
Aˆ = A(xµ, θ
I) + EI(xµ, θ
I)dθI , Cˆ = C(xµ, θ
I), (2.3)
with I = 1, 2; in component fields, it comes out as below:
A(x, θ) = a(x) + θIψI(x) +
1
2
θ2α(x), (2.4)
EI(x, θ) = χI(x) + θ
IφIJ(x) +
1
2
θ2ηI(x), (2.5)
C(x, θ) = c(x) + θIcI(x) +
1
2
θ2cF (x). (2.6)
The associated supercurvature is defined as
Fˆ = dˆAˆ+ Aˆ2 = (dA+A2) + (∂IA+DAEI) dθ
I +
1
2
(∂IEJ + ∂JEI + [EI , EJ ])dθ
IdθJ , (2.7)
which can also be expressed as: Fˆ = F +ΨI dθ
I +ΦIJ dθ
IdθJ , whose components read as follows:
F = f − θIDaψI + 1
2
θ2(Daα+
1
2
εIJ [ψI , ψJ ]), (2.8)
ΨI = ψI +DaχI + θ
J (εIJα− θJDaφIJ + θJ [ψJ , χI ])
+θ2(
1
2
DaηI − 1
2
εKJ [ψK , φIJ ] +
1
2
[α, χI ]), (2.9)
ΦIJ =
1
2
{φIJ + φJI + [χI , χJ ] + θK(εKIηJ + εJKηI + [χI , φJK ] + [φIK , χJ ])
+
1
2
θ2([χI , ηJ ] + [ηI , χJ ]− εKL[φIK , φJL])}, (2.10)
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where f = da + a2 and the covariant derivatives in a being given by Da(·) = d(·) + [a, (·)]; the
symbol (·) represents any field which the derivative act upon. This formalism with NT = 2, it can
be found as an example in the work [11].
The SUSY number, s, is defined by attributing −1 to θ. Thus, the supersymmetry generators,
Q, have s = 1. The BRST tranformation of the superconnection (2.3) is sAˆ = −dˆCˆ − [Aˆ, Cˆ] =
−Dˆ
Aˆ
Cˆ and component superfields, is given by
sA = −dC − [A,C] = −DAC,
sEI = −∂IC − [EI , C] = −DIC,
sC = −C2,
(2.11)
which in components take the form:
sa = −dc− [a, c] = −Dac ,
sψI = − [c, ψI ]−DacI ,
sα = −[c, α]−DacF + εIJ [cI , ψJ ] ,
sχI = −[c, χI ]− cI ,
sφIJ = −[c, φIJ ]− εIJcF + [χI , cJ ] ,
sηI = −[c, ηI ]− [cF , χI ] + εJK [cJ , φIK ],
sc = −c2,
scI = −[c, cI ],
scF = −[c, cF ] + 12εIJ [cI , cJ ] .
(2.12)
and the super-covariant derivative is decomposed as: Dˆ
Aˆ
= DA + dθ
IDI .
The supersymmetry transformations or shift symmetry transformations are defined as:
QIA = ∂IA, QIEJ = ∂IEJ , QIC = ∂IC;
in components, they read as follows:
QIa = ψI , QIψJ = −εIJα, QIα = 0,
QIχJ = φJI , QIφJk = −εIKηJ , QIηJ = 0,
QIc = cI , QIcI = −εIJcF , QIcF = 0.
(2.13)
Next, we believe it is interesting to introduce and discuss a sort of Wess-Zumino gauge choice
associated to the shift symmetry above, which is the topological BRST transformation. The Wess-
Zumino 2 gauge seen in [12, 10], is here defined by the condition
χI = 0 and φ[IJ] = 0, (2.14)
due to the linear shift in the transformations (2.12) for scalar fields χI and φIJ respectively, with
parameters given by the ghost fields, cI and cF . There exists now, only the symmetric field φ(IJ),
that we write from now on simply as φIJ . This condition is not SUSY-invariant under QI , and it
can be defined in terms of the infinitesimal fermionic parameter ǫI as
Q˜ = ǫIQ˜I .
This operator leaves the conditions (2.14) invariant, and it is built up by the combinations of Q
with the BRST transformations in the Wess-Zumino gauge, such that
Q˜ = (s+Q)|cI=εJφIJ , cF= 12 εJηJ . (2.15)
2This name is given since we are dealing with a linear gauge and scalar ghost field.
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The results in terms of component fields are displayed below:
Q˜a = −Dac + ǫIψI ,
Q˜ψI = − [c, ψI ]− ǫJDaφIJ + ǫIα,
Q˜α = −[c, α] + εIJǫK [φIk, ψJ ]− 12ǫIDaηI ,
Q˜φIJ = −[c, φIJ ] + 12 (ǫIηJ + ǫJηI) ,
Q˜ηI = −[c, ηI ] + εJKǫM [φJM , φIK ],
Q˜c = −c2 + ǫIǫJφIJ .
(2.16)
in agreement with the transformation found in the works of [15, 14]; the nilpotence reads as
(Q˜)2 ∝ δφIJ , (2.17)
that is an infinitesimal transformation of φIJ . With the result of the previous section, we are
ready to write down the Blau-Thompson action, which is the invariant Yang-Mills action for the
topological theory.
3 The Blau-Thompson action
The associated action for NT = 2, D = 4 is the Witten action [8, 15, 16], described in NT = 2 by
the Blau-Thompson action [13, 14], with gauge completely fixed in terms of the superfield. For the
construction of this action, we wish a Lagrange multiplier that couples to the topological super-
Yang-Mills so as to manifest its self-duality: F = ∗F . We then define a 2-form-superfield Lagrange
multiplier, with the property of anti-self-duality and super-gauge covariant: sK = −[C,K], such
that
K(x, θ) = k(x) + θIkI(x) +
1
2
θ2κ(x).
We still wish a quadratic term in the last component field of K. Still, we need a 0-form-superfield
to complete the gauge-fixing for ΨI , which is defined as:
HI(x, θ) = hI(x) + θ
JhJI(x) +
1
2
θ2ρI(x). (3.1)
To fix the super-Yang-Mills gauge, we define an anti-ghost superfield for C, being a 0-form-
superfield of fermionic nature
C(x, θ) = c(x) + θIcI(x) +
1
2
θ2cF (x), (3.2)
we define a 0-form-superfield Lagrange mulptiplier
B(x, θ) = b(x) + θIbI(x) +
1
2
θ2β(x). (3.3)
Their BRST tranformations are sC = B, sB = 0, and in components they reads
sc = b, scI = bI , scF = β,
sb = 0, sbI = 0, sβ = 0.
(3.4)
Therefore the complete Blau-Thompson action in superspace takes the form
SBT =
∫
d2θ
√
g T r{K ∗ F + ζK ∗D2θK + εIJHIDA ∗ΨJ + s(Cd ∗A)}, (3.5)
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with ζ being constant. In components, we have
SBT =
∫ √
g T r{1
2
κ ∗ f + ζκ ∗ κ+ ζεIJ(k ∗ [ηI , kJ ] + [kJ , ηI ] ∗ k)− ζφIJφIJk ∗ k
−1
2
εIJkI ∗DaψJ + 1
2
k ∗Daα+ 1
4
k ∗ εIJ [ψI , ψJ ]
+εIJ(
1
2
ρIDa ∗ ψJ + 1
2
hJIDa ∗ α− 1
2
εKLhKIDa ∗DaφJL
+
1
2
hIDa ∗DaηJ − εKLhIDa ∗ [ψK , φJL]− 1
2
[hI , ψJ ] ∗ α
−1
2
εKL[ψK , hI ] ∗DaφJL + 1
2
εKL[ψK , hLI ] ∗ ψJ + [α, hI ] ∗ ψJ )
+
1
2
bd ∗B + 1
2
εIJbId ∗ ψJ + 1
2
βd ∗ a− 1
2
cd ∗DacF
−1
2
εIJcd ∗ [ψJ , cJ ]− 1
2
cd ∗ [B, c] + 1
2
εIJcId ∗DacJ
+
1
2
εIJcId ∗ [ψJ , c]− 1
2
cFd ∗Dac}. (3.6)
where g is the beckground metric of the Riemannian manifold.
In the next section, we shall discuss the Avdeev-Chizhov action in a general Riemannian man-
ifold with the same background metric.
4 Tensorial Matter in a General Riemannian Manifold
To couple the theory above to the Avdeev-Chizhov model, we start describing the Avdeev-Chizhov
action through the complex self-dual field ϕ [6], initially written in the 4-dimensional Minkowskian
manifold, whose indices are: m,n, ... . We write this action, according to the work of [6], as
Smatter =
∫
d4x{(Dmϕmn)†(Dpϕpn) + q(ϕ†mnϕpnϕ†mqϕpq)}. (4.1)
Here q is a coupling constant for the self-interaction, and the covariant derivative Dma ϕmn =
∂mϕmn − [am, ϕmn]; am is the Lie-algebra-valued gauge potential and we assume ϕmn to belong
a given representating of the gauge group G. This action is invariant under the folowing transfor-
mations:
δG(ω)am = Dmω, δG(ω)ϕmn = ϕmnω, δG(ω)ϕ
†
mn = −ωϕ†mn, (4.2)
with ϕ given by
ϕmn = Tmn + iT˜mn, (4.3)
which exhibit the properties ϕmn = iϕ˜mn, ˜˜ϕmn = −ϕmn, where the duality is defined by ϕ˜mn =
1
2εmnpqϕ
pq.
To treat this theory, in a general Riemannian manifold as a topological theory, Geyer-Mu¨lsch
[4] rewrite the field in a four-dimensional Riemannian manifold, endowed of the vierbein e mµ and
a spin-connection ωmnµ , i.e., the tensorial matter read as ϕµν = e
m
µ e
n
ν ϕmn, where the action (4.1)
is given by
Smatter =
∫
d4x
√
g{(∇µϕµν)†(∇ρϕρν) + q(ϕ†µνϕρνϕ†µλϕρλ)}. (4.4)
In this 4-dimensional Riemannian manifold, we find the folowing properties:
√
gεµνρλε
mnpq = e m[µ e
n
ν e
p
ρ e
q
λ] , (4.5)
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e mµ e
n
ν g
µν = ηmn, e mµ e
n
ν ηmn = gµν . (4.6)
The covariant derivative in the Riemannian manifold is now written in terms of the spin-connection:
∇µ = Dµ + ωµ, (4.7)
where ωµ =
1
2ω
mn
µ σmn, being σmn the generator of the holonomy Euclidean group SO(4), also we
have: Dµ = (Da)µ, where, a, is the Yang-Mills connection.
5 Supersymmetrization of the Avdeev-Chizhov Action
From now on, we can write the action (4.4) in terms of superfields, mentioning the conventions
of the works [10, 8]. The superfield that accommodates the rank-two anti-symmetric tensorial
matter field, is similar to the one defined in [7], being now expressed as a linear fermionic. This is
defined as a rank-two anti-symmetric tensor in the 4-dimensional Riemannian manifold, and with
the topological fermionic index I referring to the topological SUSY index:
ΣIµν(x, θ) = λ
I
µν(x) + θ
Iϕµν(x) +
1
2
θ2ζIµν(x), (5.1)
where ϕµν(x) is the Avdeev-Chizhov field. The super-manifold is composed by Riemannian man-
ifold and the NT = 2 topological manifold.
The superfield is defined under the SUSY transformations
QIΣµνJ = ∂IΣµνJ , (5.2)
and in components:
QIλµνJ = εIJϕµν
QIϕµν = −ζµνI
QIζµνJ = 0
(5.3)
Based on the work of ref. [6], we rewrite the BRST transformations, referring the non-Abelian
Avdeev-Chizhov model, in terms of the transformations:
sϕimn = ic
a(T a)ijϕjmn, sϕ
†i
mn = −icaϕ†jmn(T a)ji,
s(∇mϕmn)i = ica(T a)ij(∇mϕmn)j , s(∇mϕmn)†i = −ica(∇mϕmn)†j(T a)ji,
where (2.2) is the Lie algebra. We wish to write the BRST−transformation for a supergauge
transformation, generalizing the transformations for the Avdeev-Chizhov fields, according to
s(ΣIµν) = iC(Σ
I
µν),
s(ΣIµν)
† = iC(ΣIµν)
†;
(5.4)
in components, we get:
sλIµν = icλ
I
µν ,
sλ†Iµν = −icλ†Iµν ,
sϕµν = icϕµν + ic
IλµνI ,
sϕ†µν = −icϕ†µν − icIλ†µνI ,
sζIµν = icζ
I
µν − icIϕµν + icFλIµν ,
sζ†Iµν = −icζ†Iµν + icIϕ†µν − icFλ†Iµν .
(5.5)
The super-derivative of the (5.1) is covariant under the BRST−transformation, where now, the
covariant super-derivative is
Dµ(·) = (DA)µ(·) + ωµ(·) = ∇µ(·) + θI [ψI µ, (·)] + 1
2
θ2[αµ, (·)],
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acoording to (4.7), then gives
s(DµΣIµν) = C (DµΣIµν),
s(DIΣ
I
µν) = C (DIΣ
I
µν),
where we chose here, sωµ = 0.
By now performing BRST−transformations on the components that survive in the NT = 2
Wess-Zumino gauge (2.15), we find:
Q˜λµνI = ǫ
JεJIϕµν + icλµνI ,
Q˜λ
†
µνI = ǫ
JεJIϕ
†
µν − icλ†µνI ,
Q˜ϕµν = icϕµν + iǫ
IζµνI + iǫ
IφIJλ
J
µν ,
Q˜ϕ†µν = −icϕ†µν − iǫIζ†µνI − iǫIφIJλ†Jµν ,
Q˜ζµνI = icζµνI − iǫJφJIϕµν + iǫJηJλµνI ,
Q˜ζ
†
µνI = −icζ†µνI + iǫJφJIϕ†µν − iǫJηJλ†µνI ,
(5.6)
in agreement to (2.17).
We build up rank-two anti-symmetric tensorial matter field in a superspace formulation, leaving
the superfield with the same properties as shown in [7]; this is invariant under gauge transformations
(5.6) and SUSY transformations. The kinetic term is proposed as
Skin =
∫
d4xd2θ
√
gεIJ{(DµΣµνI )†(DρΣρν J )}.
In components, we get:
Skin =
∫
d4x
√
g{1
2
(∇µϕµν)†(∇ρϕρν ) +
1
2
εIJ(∇µλµνI )†(∇ρζρν J)
+
1
2
εIJ(∇µζµνI )†(∇ρλρν J ) + (∇µϕµν)†[ψIρ , λρν I ]
+[ψµ J , ϕ
†µν ](∇ρϕρν ) + εIJ(∇µλµνI )† ([αρ, λρν J ] + [ψρ J , ϕρν ])
+εIJ
(
[αµ, λ
†µν
I ] + [ψµ J , ϕ
†µν ]
)
(∇ρλρν J)} (5.7)
The interaction term has the peculiarity of presenting two derivatives of the Grassmann coor-
dinates; it should also be invariant under the gauge transformations (5.6) and supersymmetry. We
write it as
Sint =
∫
d4xd2θ
√
g{εIJεLM (Σµν I)†DK(ΣρνJ )(ΣµλL )†DK(ΣρλM )} (5.8)
where DK(·) = ∂K(·) + [EK , (·)]; in components,
Sint =
1
2
∫
d4x
√
g{ϕ†µνϕρνϕ†µλϕρλ − εIJ [(λ†µν IζρνJ + ζ†µν IλρνJ )ϕ†µλϕρλ
−ϕ†µνϕρν(λ†µλI ζρλ J + ζ†µλI λρλ J )] + εIJεKL[λ†µν IζρνJ (λ†µλK ζρλL + ζ†µλK λρλ L)
+ζ†µν Iλ
ρν
J (λ
†µλ
K ζρν L + ζ
†µλ
K λρν L) + λ
†
µν Iλ
ρν
J [ηL, λ
µλ
K ]ϕρλ (5.9)
−λ†µν IϕρνJ ηLλ†µλK λρλ + ϕ†µν λρνJ ηIλ†µλK λρλ L − λ†µν IλρνJ ηLλ†µλK ϕρλ (5.10)
−λ†µν IλρνJ ηKϕ†µλλρλ L + λ†µν IλρνJ φMNφMNλ†µλK λρλ L]}. (5.11)
The total action is being determinad for: SKin + qSInt, such that
SAC = −
∫
d2θ
√
g{εIJ(DµΣµνI )†(DρΣρν J ) + qεIJεLM (Σµν I)†DK(ΣρνJ )(ΣµλL )†DK(ΣρλM )},
(5.12)
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where q is a quartic coupling constant. In components, we have the Avdeev-Chizhov action plus
its partness:
SAC =
∫
d4x
√
g{1
2
(∇µϕµν)†(∇ρϕρν ) +
1
2
εIJ(∇µλµνI )†(∇ρζρν J)
+
1
2
εIJ(∇µζµνI )†(∇ρλρν J ) + (∇µϕµν)†[ψIρ, λρν I ]
+[ψµ J , ϕ
†µν ](∇ρϕρν ) + εIJ(∇µλµνI )† ([αρ, λρν J ] + [ψρ J , ϕρν ])
+εIJ
(
[αµ, λ
†µν
I ] + [ψµ J , ϕ
†µν ]
)
(∇ρλρν J)
+q(ϕ†µνϕ
ρνϕ†µλϕρλ − εIJ [(λ†µν IζρνJ + ζ†µν IλρνJ )ϕ†µλϕρλ
−ϕ†µνϕρν(λ†µλI ζρλ J + ζ†µλI λρλ J)] + εIJεKL[λ†µν IζρνJ (λ†µλK ζρλL + ζ†µλK λρλ L)
+ζ†µν Iλ
ρν
J (λ
†µλ
K ζρν L + ζ
†µλ
K λρν L) + λ
†
µν Iλ
ρν
J [ηL, λ
µλ
K ]ϕρλ
−λ†µν IϕρνJ ηLλ†µλK λρλ + ϕ†µν λρνJ ηIλ†µλK λρλ L − λ†µν IλρνJ ηLλ†µλK ϕρλ
−λ†µν IλρνJ ηKϕ†µλλρλ L + λ†µν IλρνJ φMNφMNλ†µλK λρλ L])}. (5.13)
It is invariant under conformal transformations. Therefore, the total gauge invariant action can
be written as: SAC + SBT . We could also have replace SBT by the super−BF action described in
the work of ref. [11].
The Q−exactness of the total action above is also true for NT = 2 SUSY as in [4]; this is so
because the fermionic volume element Q2 ∝ Q1Q2 , which means the exactness in the charge Q1,
Q2 of this action. This proof for NT = 1 and general NT , is given in the works [10], where the total
action is also s−exact. According to Blau-Thompson in their review [17], the energy-momentum
tensor Θµν is also Q−exact,
O = 〈0|Θµν |0〉 = 〈0| 2√
g
δ
δgµν
(SBT + SAC)|0〉 = 〈0|QΥµν|0〉 (5.14)
ensuring the topological nature of the theory, where we shall just use the Avdeev-Chizhov kinetic
term, because the interaction term carries the coupling constant q, which is irrelevant for the
attainment of the observables of the theory [4].
Concluding Remarks
The main goal of this paper is the settlement of a topological superspace formulation for the
investigation of the coupling between the rank-two Avdeev-Chizhov matter field and Yang-Mills
fields. It comes out that the stress tensor is Q−exact. This opens us the way for the identification
of a whole class of obsevables that we are trying to classify [19].
It is worthwhile to draw the attention here to the shift symmetry that allows us to detect the
ghost caracter of the Avdeev-Chizhov field. On the other hand, it is known that there appears a
ghost mode in the spectrum of excitations of our tensor matter field [1]. The connection between
these two observations remain to be clarified. The fact that the Avdeec-Chizhov field manifest itself
as a ghost guide future developments in the quest for a consistent mechanism to systematically
decouple the unphysical mode mentioned above.
We are also trying to embed the tensor field in the framework of a gauge theory with Lorentz
symmetry breaking [18]. We expect that this breaking may identify the right ghost mode present
among the two spin 1 components of the Avdeev-Chizhov field.
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Appendices
A Conventions
The topological fermionic index: I = 1, 2, is lowered and raised by the anti-symmetric Levi-Civita
tensor: εIJ , ε
IJ , with ε12 = −ε12 = 1. The θ−coordinates definitions: θI = εIJθJ , θI = εIJθJ , the
quadratic forms are:
θ2 = θIθI = −θIθI , θIθJ = −1
2
εIJθ2, θIθJ =
1
2
εIJθ
2,
with εIKε
KJ = δ JI . The derivatives in the θ−coordinates are defined by
∂I =
∂
∂θI
, ∂I =
∂
∂θI
and ∂Iθ
J Def= δ JI . (A.1)
thus we have
∂If(x, θ) = εIJ∂
Jf(x, θ),
with f(x, θ) a any superfunction. Deriving the θ−coordinates gives
∂IθJ = −εIJ , ∂IθJ = −εIJ (A.2)
A superfield is expanded as: F (x, θ) = f(x) + θIfI(x) +
1
2θ
2fF , obeying the transformation
QIF (x, θ)
Def
= ∂IF (x, θ). In components, we have:
QIf = fI ; QIfJ = −εIJfF ; QIfF = 0. (A.3)
Characteristics table of the superconnection fields:
Charge\ fields ǫI a ψI α χI φIJ ηI c cI cF
s −1 0 1 2 1 2 3 0 1 2
g 1 0 0 0 0 0 0 1 1 1
p 0 1 1 1 0 0 0 0 0 0
Pgrs + − + − − + − − + −
(A.4)
where s: susy number, g: ghost number, p: degree form, Pgrs: Grassmann parity.
B Rules for Topological Grassmannian integration
The definition of integration in this topological SUSY representation is∫
dθI
Def
= ∂I . (B.1)
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This result is applied to a superfunction f(x, θ), so that the volume element is∫
d2θf(x, θ)
Def
=
1
4
εIJ∂I∂Jf(x, θ); (B.2)
therefore, the square of the supersymmetric charge operator (shift operator) is defined by:
Q2 = QIQI = ∂
I∂I = 4
∫
d2θ,
which is a volume element too.
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